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Types of Source Models for ENATypes of Source Models for ENA

•• SingleSingle--Corner Frequency Model (e.g., Frankel et al., 1996; Corner Frequency Model (e.g., Frankel et al., 1996; 
Toro et al., 1997)Toro et al., 1997)

•• DoubleDouble--Corner Frequency Model (e.g., Atkinson and Corner Frequency Model (e.g., Atkinson and BooreBoore, , 
1995; Silva et al., 2002)1995; Silva et al., 2002)

•• HybridHybrid--Empirical Model (e.g., Atkinson, 2001; Campbell, Empirical Model (e.g., Atkinson, 2001; Campbell, 
2003)2003)

•• FiniteFinite--Source Model (e.g., Somerville et al., 2001)Source Model (e.g., Somerville et al., 2001)



•• The objective of this study is to revise the 2003 Campbell The objective of this study is to revise the 2003 Campbell 
attenuation relationship for ENA, using attenuation relationship for ENA, using HybridHybrid--empiricalempirical
model, combining model, combining single single andand double source spectradouble source spectra , and , and 
changing changing magnitudemagnitude--dependent stress dropdependent stress drop in the WNA in the WNA 
and ENA regions which have different seismological and ENA regions which have different seismological 
parameters.parameters.

•• EmpiricalEmpirical refers to the empirical attenuation models refers to the empirical attenuation models 
developed in WNA (a host region) and developed in WNA (a host region) and HybridHybrid refers to refers to 
models that transform attenuation relationships to ENA ( models that transform attenuation relationships to ENA ( 
a target region) by using seismological parameters.a target region) by using seismological parameters.



HybridHybrid--Empirical ModelEmpirical Model
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HybridHybrid--Empirical Attenuation RelationshipsEmpirical Attenuation Relationships

•• The 2001 Atkinson relationThe 2001 Atkinson relation
•• SadighSadigh et al., 1997 from WNAet al., 1997 from WNA
•• Elimination of Source ModelElimination of Source Model

•• The 2003 Campbell relationThe 2003 Campbell relation
•• Four Attenuation Relationships from WNAFour Attenuation Relationships from WNA

•• SingleSingle--Corner  Source ModelCorner  Source Model

•• Constant Stress drop of 100 bars for WNAConstant Stress drop of 100 bars for WNA

•• The 2005 TavakoliThe 2005 Tavakoli--PezeshkPezeshk relationrelation
•• Three Attenuation Relationship from WNAThree Attenuation Relationship from WNA

•• SingleSingle--Corner Source Model at Long DistancesCorner Source Model at Long Distances

•• DoubleDouble--Corner Source Model at Short Distances (< 30km)Corner Source Model at Short Distances (< 30km)

•• MagnitudeMagnitude--Dependent Stress drop for WNADependent Stress drop for WNA
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•• Source SpectraSource Spectra
•• ShapeShape
•• Corner FrequenciesCorner Frequencies

Shape of Source Spectra and Model ParametersShape of Source Spectra and Model Parameters

•• Model ParametersModel Parameters
•• Geometrical SpreadingGeometrical Spreading
•• Quality FactorQuality Factor
•• Path DurationPath Duration
•• Site AmplificationSite Amplification
•• Site Diminution  (Kappa)Site Diminution  (Kappa)
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•• We considered the effects of We considered the effects of near field saturationnear field saturation, , focal focal 
depthdepth, and , and stress dropstress drop on ground motions.on ground motions.
•• We used the double cornerWe used the double corner--frequency source model to frequency source model to 

consider the effect of consider the effect of finitefinite--fault modelingfault modeling at short at short 
distances and large magnitudes.distances and large magnitudes.
•• We used the single cornerWe used the single corner--frequency source model for the frequency source model for the 

farfar--field ground motions.field ground motions.
•• We used three empirical attenuation relationships from We used three empirical attenuation relationships from 

WNA.WNA.
•• A composite functional form of the attenuation model for A composite functional form of the attenuation model for 

ENA based on the existing attenuation relationships in ENA based on the existing attenuation relationships in 
WNA.WNA.

New Information to Incorporate into Ground New Information to Incorporate into Ground 
Motion SimulationMotion Simulation



Attenuation Relationship Developed for ENAAttenuation Relationship Developed for ENA
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Optimization Using Hybrid Genetic Algorithm Optimization Using Hybrid Genetic Algorithm 
(HGA)(HGA)

  
 
  

t
ij ij ij ij ijl(θ|Y )=min [Y - f(x ,θ)] [Y - f(x ,θ)]

•• HGA is a directed stochastic search technique (a HGA is a directed stochastic search technique (a derivativederivative--free free 
approachapproach) that is able to provide an optimal solution to compute ) that is able to provide an optimal solution to compute 
the vector of the model parameters in attenuation relationships.the vector of the model parameters in attenuation relationships.

•• A HGA consists of A HGA consists of initializationinitialization, , evaluationevaluation,, reproduction/selectionreproduction/selection, , 
crossovercrossover, and , and mutationmutation..

•• The HGA can be applied to The HGA can be applied to complex attenuation modelscomplex attenuation models with with 
several several variance componentsvariance components. . 
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•• Consider both Consider both double and single corner source spectradouble and single corner source spectra for WNA and for WNA and 
ENA.ENA.

•• Consider the Consider the HGAHGA to estimate the epistemic and to estimate the epistemic and aleatoryaleatory
uncertainties.uncertainties.

•• Consider the effects of Consider the effects of near field saturationnear field saturation, , focal depthfocal depth, and , and 
stress dropstress drop on ground motions.on ground motions.

•• Consider the Consider the effect of finiteeffect of finite--faultsfaults using the finiteusing the finite--fault stochastic fault stochastic 
models.  models.  

•• Consider the effects of Consider the effects of rupture propagationrupture propagation and and directivitydirectivity to to 
define finitedefine finite--fault source model for nearfault source model for near--field ground motion field ground motion 
characteristics in ENA.characteristics in ENA.

ConclusionsConclusions


